Investigation of the catalytic mechanism of yeast inorganic pyrophosphatase.
P1,P2-Bidentate Co(NH3)4PP was found to be a competitive inhibitor of pyrophosphatase vs. MgPP (Kis = 8.7 mM, pH 7) and, in the presence of Mg2+, an active substrate as well. P1,P2-Bidentate Cr(III) complexes of pyrophosphate, imidodiphosphate, and methylenediphosphonate were also competitive inhibitors vs. MgPP (pH 5.9; Kis = 0.2, 0.2, and 0.4 mM, respectively). In the presence of Mg2+, P1,P2-bidentate Cr(H2O)4PP was found to have a Km 10-fold greater and a turnover number 36-fold smaller than MgPP at pH 5.9. Mg2+, Mn2+, Co2+, Zn2+, Cd2+, Ni2+, and Fe2+ activate the CrPP--pyrophosphatase reaction, while Ca2+ and Ba2+ are not activators but serve as competitive inhibitors vs. Mg2+ (Kis = 0.35 and 2.3 mM). At levels above 0.1 mM, Mn2+, Co2+, and Zn2+ show activator inhibition. Kinetic studies with CrPP and Mg2+ suggest that the kinetic mechanism is rapid equilibrium ordered, with CrPP adding before Mg2+. pH studies of the MgPP/Mg2+ reaction and the CrPP/Mg2+ reaction suggest that the active form of the substrate is (MgPP)2- and that the uncomplexed metal ion cofactor interacts with at least two active-site residues, one possibly via H bonding and the other by direct coordination. The former group (pKa = 5.6) appears on the basis of temperature and solvent perturbation studies to be a carboxylic acid. The MgPP reaction also requires that an active-site residue (pKa = 7.5) be protonated. Temperature and solvent perturbation studies suggest that this residue is an amine. A mechanism accounting for these observations is presented.